Fluorescein 5(6)-isothiocyanate starch maleate (FISM) nanoparticles were prepared by covalently attached fluorescein 5(6)-isothiocyanate (FITC) with starch maleate. FISM nanoparticles with a mean particle size of 87 nm were formed via self-assembly upon precipitation in ethanolic solution. FISM nanoparticles were strongly fluorescent with maximum emission wavelength of 518 nm. The fluorescence of FISM nanoparticles can be quenched by silver (Ag + ) and lead (Pb 2+ ) ions in a concentration dependent manner. We have demonstrated the first use of FISM nanoparticles as cheap and effective fluorescent sensing probes for Ag + and Pb 2+ ions with detection limits as low as 2.55 × 10 −5 M and 3.64 × 10 −5 M, respectively.
Introduction
Polysaccharides such as starch, chitosan, alginate, and dextran have received great interest as precursor materials for the preparation of nanoparticles as they are abundantly available, of low cost, renewable, and nontoxic in nature [1, 2] . Besides, these biopolymers are suitable to be used for various biomedical applications due to their unique properties that are biocompatible and biodegradable [3] . Recently, the use of polysaccharides as precursor materials for preparation of fluorescent nanoparticles has considerably increased [4] [5] [6] [7] [8] . Various polysaccharides-based fluorescent nanoparticles have been reported such as fluorescein-labeled starch acetates [9] , fluorescein-labeled dextran propionate [10, 11] , fluorescein-labeled dextrin nanoparticles [6] , magnetic fluorescent alginate nanoparticles [12] , and fluorescent chitosan nanoparticles [13] [14] [15] in pieces of literature. These fluorescent polysaccharides-based nanoparticles have been utilized in various applications such as bioimaging [16] , biosensing, chemical sensing [17] , pH sensing [18] , and drug delivery [19] .
Physical entrapment of fluorophores is one of the commonly used approaches to incorporate fluorescent molecules into nanoparticles due to its simplicity [7] . However, this type of physical entrapment approach suffers from several major setbacks such as possible leaching of fluorophores that subsequently leads to toxicity of the cell, contamination of biological samples, and incorrect signal measurements [20] . In order to overcome these problems, some researchers have attempted to covalently attach fluorophores onto polysaccharides molecules [9, 11] . Covalent attachment is proven to reduce the leaching of fluorophores, provide good photostability, enhance lifetime, and produce stable fluorescent signals [20] .
Fluorescence quenching has been employed extensively for the detection and quantification of various metal ions due to its high sensitivity, ease of handling, low cost, portability, and the fact that it can deliver rapid results [21, 22] . Fluorescence quenching involves the use of highly fluorescent fluorophore where intensity would be greatly reduced or quenched completely in the presence of a target analyte. Many metal ions are known to be fluorescence quenchers that could be detected using this method [23] .
In this work, we have successfully synthesized fluorescein 5(6)-isothiocyanate-labeled starch maleate (FISM) nanoparticles by covalently attaching fluorescein 5(6)-isothiocyanate (FITC) with starch maleate. The potential application of FISM ∘ C for 4 h. Subsequently, the mixture was cooled to room temperature and precipitated with ultra-pure water. The precipitate was rinsed several times with ultra-pure water to remove any unreacted salts.
For synthesis of FISM, 1.5 g of starch maleate reacted with various concentrations of FITC (0.05, 0.25, 0.5, 1.0, 2.0, and 3.0 mg/mL) in 10 mL DMSO for 6 h at 90-95 ∘ C. Also, 1.6 mL of DBTDL was added to the solution as a catalyst. The resulting FISM solution was added dropwise into ethanol to produce FISM nanoparticles via precipitation. The FISM nanoparticles were purified by dialyzing the samples using dialysis membranes against ultra-pure water for 24 h before being used for further study.
Characterization of FISM Nanoparticles

Spectroscopy Characterizations.
The absorbance of FISM nanoparticles was recorded using a UV/Vis spectrophotometer (Model: JASCO V-630). Infrared spectra of the samples were characterized using a Fourier transformed infrared (FTIR) spectroscopy (Model: PerkinElmer). Sample was mixed into KBr/sample pellets and the FITR spectra were recorded within the wavenumber range of 4000-400 cm −1 . The fluorescence intensity was measured at room temperature using spectrofluorometer (Model: Cary Eclipse, Varian) at a fixed excitation wavelength of 495 nm. 100 L of stock solution of FISM (2 mg/mL) in ultra-pure water was mixed with 2 mL of buffer solution in a cuvette. The fluorescence intensity of sample in buffer solution at different pH (4.0-12.0) was recorded at fixed emission wavelength of 518 nm. The excitation and emission slits were both set at 5.0 nm. The particle sizes and morphology of FISM nanoparticles were observed by using a transmission electron microscope (TEM) (Model: JEOL JEM-1230). The diameters of around 100 nanoparticles were measured randomly using the SmileView software. Fluorescence image of FISM nanoparticles was obtained with inverted microscope system (Olympus, Model: IX51) with a 100W high pressure mercury lamp (Olympus, Model: BH2-RFL-T3) and digital color camera DCC (Olympus, Model: XC30).
Determination of Degree of Substitution (DS)
. DS of starch maleate was determined based on the method reported by Stojanovic et al. [26] with slight modifications. About 0.5 g of the starch maleate sample was added to 20 mL of 0.2 M NaOH solution. The mixture was stirred until the entire precursor was dissolved completely. The solution was transferred to a 100 mL volumetric flask, which was then filled up to the mark with ultra-pure water. 25 mL of the solution was transferred to Erlenmeyer flask, excess of NaOH solution in the sample was back titrated with 0.05 M of HCl using phenolphthalein as an indicator. Native starch sample was also titrated as the blank sample. The difference between the starch maleate sample and blank sample which were titrated in excess of NaOH was a measure of maleate content in the sample. The titration was repeated three times and the average volume of HCl was used for the calculations. The amount of carboxylic terminal (COOH) was determined using (1) and DS was calculated according to (2) :
where COOH is the amount of COOH (in mole) present in the sample; is the volume of 0.05 M HCl (in mL) used for titration of blank;
is volume of HCl (in mL) used for the titration of starch maleate; HCl is the molarity of HCl solution and 4 is the ratio of the total volume of solution (100 mL); 162 g/mole is the molecular weight of anhydroglucose unit (AGU); Mds is the mass of dry sample (in g) and 99 g/mole is the net increase in the molecular weight of the maleate group substituted.
Labeling Efficiency (LE).
The concentration of FITC grafted onto starch maleate was determined by correlating the fluorescence intensity of the sample to a calibration curve constructed from known concentration of free FITC in DMSO. The degree of substitution (in percentage) of FITC in FISM sample was calculated according to
where [FITC] is concentration of FITC in FISM sample (in mg/mL) and [FISM] is the concentration of FISM sample (in mg/mL).
Results and Discussion
Synthesis of FISM Nanoparticles. FISM nanoparticles
were synthesized from native sago starch grafted with maleic and fluorophore groups. Starch was esterified using maleic anhydride and then labeled with FITC. DMF and DMSO were used as solvents instead of water during the synthesis of starch maleate (SM) and fluorescein-labeled starch maleate (FISM), as this esterification reaction would release water as a side product. As esterification reaction is a reversible reaction, this reaction can proceed in either the forward (left to right) or the reverse direction depending on conditions. Increasing the water content tends to drive the reaction in the reverse reaction, which is undesirable as the aim is to produce more of SM and FISM. Thus, DMF and DMSO were used as solvents to maintain the mixture with lower yield of water so that the equilibrium would give forward reaction to produce greater yield of product [27] . DMAP acted as a nucleophilic catalyst [28] The esterification processes through DMF/DMAP and DMSO/DBTDL systems represent an effective method for synthesizing fluorescent starch maleate. The labeling reaction was based on the covalent binding between the isothiocyanate group of FITC and the OH group of starch as illustrated by the scheme in Figure 1 . The degree of substitution (DS) of starch maleate was determined to be 1.64, whereas DS of FITC onto starch maleate was 0.63%. The DS of starch maleate obtained from this study was higher as compared to the previously reported of 0.03-0.21 [25] . This could be due to the fact that the DMAP used in this study was a more effective catalyst as compared to NaOH used in the previous study.
Spectroscopy
Characterizations. FTIR spectra of starch maleate (SM) and fluorescein 5(6)-isothiocyanate-labeled starch maleate (FISM) were shown in Figure 2 . New absorption bands belonged to carbonyl group of maleate were observed in the spectra of starch maleate at 1728 and 1718 cm −1 . This observation suggested that the starch maleate was successfully formed during the esterification process. Besides, the absence of absorption peak that corresponded to ring anhydride carbonyl group at 1783 and 1857 cm −1 in starch maleate showed that the sample was not contaminated with maleic anhydride. The absorption peak at 1638 cm −1 was due to tightly bound water present in the samples, and this peak was also overlapped with the C=C stretching of maleate on the starch chain.
After the reaction of starch maleate with FITC, the intensity of absorption peaks at around 1638 cm −1 and 1653 cm
was observed to increase due to increase in C=C stretching present in FITC molecules and the formation of thiocarbamate bond of the fluorescein derivatives. This supported the suggestion that a reaction had taken place between isothiocyanate group in the fluorescein and the OH group of starch maleate. The UV/Vis absorption spectra of FISM nanoparticles and free FITC in ultra-pure water (pH 6.8) and buffer solution of pH 9 were presented in Figure 3 . FISM nanoparticles showed two broad absorption peaks at around 450 and 475 nm in water (pH ∼ 6.8) which were close to the reported typical absorption peaks at 457, 467 and 479 nm for free FITC [30] . Both free FITC and FISM nanoparticles showed absorption maxima at around 490 nm in basic solution. These absorption peaks were not observed in the unlabeled starch maleate. The presence of the typical absorption peaks of FITC confirmed the presence of FITC in FISM.
The intensity of UV/Vis absorption of FISM was strongly dependent on the pH of the solution. The intensity of absorption was higher in basic solution as compared to acidic solution. This is because FITC is present in dianionic form and more soluble in basic condition [9, 28, 31] . However, FITC is mainly in monoanionic form [32] and has lower solubility in acidic solution.
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3.3.
Morphology of FISM Nanoparticles. FISM nanoparticles were observed to be discrete and spherical in shape as shown by the TEM in Figure 4 . The maleated process imparted hydrophobicity and consequently prevented rapid aggregation and gelation of the starch-based nanoparticles in aqueous solution [24] . The mean particle size of the sample was around 87 nm. This further confirmed that starch maleate was self-assembled into nanospheres upon precipitation in ethanol.
Fluorescence Properties of FISM Nanoparticles.
FISM nanoparticles showed an excitation and emission peak at 495 nm and 518 nm ( Figure 5(a) ). Effect of pH on the fluorescence intensity of FISM nanoparticles was shown in Figure 5 (b). The FISM nanoparticles were pH sensitive due to carbonyl and hydroxyl groups of FITC attached onto starch maleate. The fluorescence intensity of FISM increased with increasing pH up to pH 9, and under this condition FITC was completely ionized and in its most fluorescent form. The observed high fluorescence intensity might be due to a more dianion species of FITC which was presented in a basic solution of FISM sample [9] . However, when pH was above 9, the fluorescence intensity of the FISM nanoparticles was observed to decrease. We speculated that FITC was unstable at extreme high pH and hydrolysis of the thiocarbamoyl linkage would occur and result in self-quenching. Therefore, pH 9 was chosen for all further experiments since the highest fluorescence intensity was obtained at this pH.
3.5.
Analytical Characteristics. Figure 6 shows the corresponding fluorescence signal changes of FISM upon addition of 0.5 and 1.0 mM of various metal ions to the FISM suspension. The fluorescence intensity of FISM samples was observed to be quenched by most of the heavy metals ions tested in this study. As illustrated in Figure 7 , more significant quenching was observed for Ag + and Pb 2+ ions as compared to the other metal ions. This finding suggested direct interaction of the metal ions with the thiol group [33] of FITC in FISM. Large amounts of Ag + and Pb 2+ ions were bound to the FITC molecules which caused the fluorescence intensity of FISM to be significantly quenched. Figure 7 depicts the fluorescence emission spectra changes upon addition of Ag + and Pb 2+ to FISM nanoparticles in buffer solution of pH 9. The fluorescence intensity of FISM sample was quenched upon addition of Ag + and Pb 2+ ions up to 5 mM, beyond which no more significant signal change was observed. The quenching data can be quantitatively presented in the Stern-Volmer plot (Figure 8) 
Conclusions
Novel FISM nanoparticles with a mean particle size of around 87 nm were successfully prepared via the precipitation method. These FISM nanoparticles exhibited high fluorescence intensity in buffer solution of pH 9. 
